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(54) Transversely aligned web 

(57) A transversely aligned web (18) is produced by 
aligning filaments spun at a high rate. Initially, a melted 
resin is extruded downwardly from a spinning nozzle (1) 
having an inner diameter of 0.6mm or more provided 
above a conveyor (19). A primary airflow at a high tem- 
perature is blown off in the gravitational direction from 
an annular primary airflow nozzle (2) having a diameter 
of 2.5mm or more provided so as to concentrically sur- 
round the open end of the spinning nozzle (1). The ex- 
truded melted filament is vibrated by the primary airflow 
(2). A secondary airflow at a high temperature is blown 
off from a pair of secondary airflow nozzles (4a) provid- 
ed on the upstream side and downstream side of the 
running direction of the conveyor toward the extruded 
and vibrated melted filament. The secondary airflows 
blown off from the pair of secondary airflow nozzles (4a) 
collide with each other below the spinning nozzle (1). 
spreading in the width direction of the conveyor (19), 
whereby the extruded melted filament is spread in the 
width direction of the conveyor (19). Thus, filaments de- 
riving from solidifying the extruded melted filament can 
be spun at a spinning rate of 30000 m/min. or more. The 
resulting filaments are aligned in the width direction of 
the conveyor (19) and piled on the conveyor (19). 



FIG.2B 
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Descripti n 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a method of 
producing a transversely aligned web in which filaments 
spun at a high rate are aligned in the transverse direction 
and an apparatus for implementing the method of the 
same. The transversely aligned web is utilized as a raw 
material web of a transversely stretched nonwoven fab- 
ric. Further, the transversely aligned web is utilized as 
a raw material web for producing a cross laminated non- 
woven fabric in which a transversely stretched nonwo- 
ven fabric is laid on a longitudinally aligned nonwoven 
fabric or the like so that the aligning directions thereof 
cross to each other. 

2. Description of the Related Art 

[0002] Most of the conventional nonwoven fabric is a 
random nonwoven fabric in which alignment of filaments 
composing the nonwoven fabric is random. Therefore, 
the tensile strength thereof is weak and the dimension 
of the product is unstable. As an invention made for im- 
proving such drawback which the conventional nonwo- 
ven fabric encounters, there can be introduced Japa- 
nese Patent Publication No. 36948/91. Japanese Pat- 
ent No. 2612203, Japanese Patent Publication No. 
6126/95 or the like filed by the present applicant. Ac- 
cording to the above publications, there is introduced a 
lamination type nonwoven fabric in which at least. two 
sheets of nonwoven fabric as a raw material are 
stretched and the sheets of nonwoven fabric are laid on 
and bonded to one another so that the directions of 
stretching thereof cross to each other. Also, a method 
of producing such a nonwoven fabric is introduced in the 
above publications. 

[0003] Japanese Patent Publication No. 36948/91 
discloses a method of producing nonwoven fabric in 
which un-oriented filaments are spun to produce a long 
fiber nonwoven fabric, and the resulting nonwoven fab- 
ric is stretched in one direction under a proper temper- 
ature so that the fabric tends to contain a larger rate of 
filamentcomponents aligned in one direction. Also in the 
patent publication, there is disclosed a method in which 
sheets of nonwoven fabric stretched by the above meth- 
od are laid on each other so that the stretching directions 
of the nonwoven fabrics cross to each other. 
[0004] Further, Japanese Patent Publication No. 
36948/91 discloses a method of producing a long fiber 
nonwoven fabric in which the nonwoven fabric is pro- 
duced by using un-oriented filaments aligned in one di- 
rection. According to the method of producing the long 
fiber nonwoven fabric, initially, filaments are produced 
by extrusion through a nozzle which is provided above 
a screen mesh running in one direction. Then, the fila- 



ments.are dispersed by a heated airflow which flows spi- 
rally. Further, a pair of airflows are created below the 
nozzle so that the airflows collide with each other. The 
rotated spun filaments are further dispersed by the 

5 spreading airflow resulting from the collision of the air- 
flows. In this case, if the moving direction of the airflows 
colliding with each other is in parallel with the running 
direction of the screen mesh, then the spun filaments 
are dispersed in a direction perpendicular to the running 

io direction of the screen mesh. Thus, dispersed filaments 
are piled on the screen mesh and a piece of nonwoven 
fabric can be created on the screen mesh so that a ma- 
jority of filaments are aligned in the transverse direction 
of the fabric. In this way. nonwoven fabric mainly con- 

15 taining filaments aligned in the transverse direction is 
produced. Conversely, if the moving direction of the air- 
flows colliding with each other is substantially perpen- 
dicular to the running direction of the screen mesh, then 
the spun filaments are dispersed in a direction in parallel 

20 with the running direction of the screen mesh. Thus, 
when dispersed filaments are piled on the screen mesh, 
a piece of nonwoven fabric can be created on the screen 
mesh so that a majority of filaments are aligned in the 
longitudinal direction of the fabric. In this way, nonwoven 

25 fabric mainly containing filaments aligned in the longitu- 
dinal direction is produced. 

[0005] Japanese Patent No. 2612203 discloses a 
method of producing a nonwoven fabric in which fibers 
are blown off together with a fluid from a blowoff nozzle 

30 toward an upper surface of a running belt-conveyor, and 
the fibers are piled so that the fibers can be aligned in 
one direction on the upper surface of the belt conveyor, 
thus a web having fiber aligned therein can be produced. 
According to one example of the method of producing 

35 fabric, at least a part of the belt conveyor is bent down- 
wardly in a direction perpendicular to the running direc- 
tion thereof, and the fluid and fibers are blown off toward 
the bottom portion of the bent groove portion of the con- 
veyor belt. Then, the fluid blown off from a blowoff nozzle 

40 is dispersed in the direction in which the groove of the 
conveyor belt extends, wherebyJibers are aligned in the 
dispersing direction. 

[0006] Japanese Patent Publication No. 6126/95 dis- 
closes a method of producing a nonwoven fabric in 
45 which a spray spinning is employed so that a plurality of 
filaments are aligned in substantially one direction to 
form a one-direction aligned nonwoven fabric. Accord- 
ing to the method of producing fabric, when a high mo- 
lecular compound is blown off through a nozzle to spin 
50 filaments, the spun filaments are rotated or vibrated in 
the width direction. Then, at least a pair of airflows sub- 
stantially bilaterally symmetrical with respect to the side 
of the filaments are applied to filaments from the side of 
the filaments at the center of one filament rotated or vi- 
55 brated. under condition that the rotated or vibrated fila- 
ment has a draft property of two times or more. Thus, at 
least a pair of airflows are applied to filaments so that 
the filaments are dispersed in a direction perpendicular 
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to the spinning direction of the filament while the filament 
is applied with draft. In this way. filaments.are aligned in 
the direction in which the filaments are dispersed, and 
the filaments are piled in stratum, and the one-direction 
aligned nonwoven fabric can be produced. 
[0007] The nonwoven fabric produced by the above 
methods has a high tensile strength. Moreover, since 
the filament composing the nonwoven fabric has a small 
diameter of 5 nm to 15 jam after subjecting it to the 
stretching process, its feeling of touch is smooth and the 
texture is flexible and soft. Furthermore, the nonwoven 
fabric is glossy and suitable for printing. In other words, 
owing to the minute filament diameter, the nonwoven 
fabric is proper texture, in addition, owing to high tensile 
strength, the nonwoven fabric provides desirable prac- 
tical utility in spite of the fact that the thickness thereof 
is small. 

[0008] Although the nonwoven fabric produced by the 
above-described methods disclosed in respective pub- 
lications has a high tensile strength and proper texture, 
the productivity of the nonwoven fabric according to the 
above methods is still unsatisfactory. Therefore, it is 
necessary to improve tne productivity for reducing the 
cost of the nonwoven fabric. For this reason, in order 
that the productivity of the producing apparatus dis- 
closed in the above publications and the cost is reduced, 
it is necessary to develop a spinning means for spinning 
filaments of a transversely aligned web in which fila- 
ments are aligned in the transverse direction. Further, 
in addition to the improvement of productivity in spinning 
the filaments, it is necessary to enlarge the tensile 
strength of the transversely aligned web formed of the 
obtained filaments while the high productivity is main- 
tained, 

[0009] If the diameter of the filament of the product at 
the final stage is predetermined, to improve the produc- 
tivity of the filaments by a single cone restrictively re- 
quires to increase the spinning rate of filaments by the 
single cone. According to a conventional method of 
spinning filaments at a high rate, as is disclosed in a 
reference entitled "The Newest Spinning Technology" 
(edited by Japanese Conference of Fiber Industry) pub- 
lished by High Molecular Publication Union, the limit rate 
of spinning is 10000 m/min. on an industrial base. When 
a transversely aligned web having a large width in which 
filaments are aligned in the transverse direction is pro- 
duced, it is requested that the filaments are spun at a 
rate, e.g.. 30000 m/min. to 100000 m/min. or more, far 
exceeding that rate which has been regarded as a limit 
so far. 

[0010] However, to produce the nonwoven fabric only 
at a high productivity is meaningless, he., the produced 
nonwoven fabric shall have a proper characteristic. That 
is. it is necessary that the diameter of the filaments is 
small enough to make the fabric have a proper texture 
as a transversely aligned web. More concretely, it is nec- 
essary that the diameter of the filament soon after spin- 
ning falls within a range of from 10 jim to 30 urn. more 



desirably, to 25 jim. Further, if the transversely aligned 
web formed of filaments is stretched in the transverse 
direction to produce a transversely stretched web. it is 
ideal that the transversely stretched web has a tensile 

5 strength in the stretching direction of 132.5 mN/tex (1 .5 
g/d) or more. Desirably, the transversely stretched web 
is requested to have a tensile strength of 158.9 mN/tex 
(1.8 g/d) or more. More desirably, the transversely 
stretched web is requested to have a tensile strength of 

io i76.6mN/tex (2.0 g/d) or more. Further, since the trans- 
versely aligned web or the transversely stretched web 
is utilized as a nonwoven fabric, the spinning means is 
requested to produce the web which is free from a defect 
portion such as pilling due to breaking of filament. 

15 

SUMMARY OF THE INVENTION 

[0011] Therefore, an object of the present invention is 
to provide a transversely aligned web in which spun fil- 
20 aments are aligned in the transverse direction and which 
makes it possible to have a high productivity rate, and 
hence a low production cost. 

[0012] Another object of the present invention is to 
propose a method of producing such a transversely 
25 aligned web, an apparatus to produce the same, and a 
spinning head utilized in the apparatus for producing 
such a web. 

[0013] Another object of the present invention is to 
provide a transversely aligned web in which the tensile 
30 strength in the transverse direction of the transversely 
aligned web is high and proper texture as a fabric is 
maintained in spite of the fact that the productivity rate 
for the web is high. 

[0014] Still another object of the present invention is 
35 to propose a method of producing such a transversely 
aligned web and an apparatus for producing the same 
in spite of the fact that productivity for producing the web 
is high. 

[0015] In order to attain the above object, there is pro- 

40 vided a transversely aligned web having filaments 
aligned in a transverse direction, wherein the filaments 
are spun at a rate of 30000 m/min. or more, the filaments 
extend continuously from one edge to the other edge in 
the width direction of the transversely aligned web. and 

45 the width thereof is 300 mm or more. 

[0016] According to the transversely aligned web of 
the present invention, the filaments forming the trans- 
versely aligned web are spun at a rate of 30000 m/min. 
or more, which is remarkably larger than the rate of a 

50 conventional high-rate multi-filament spinning machine, 
for example. Therefore, there can be obtained a trans- 
versely aligned web which makes it possible to produce 
at a high productivity and with a low cost. Further, ac- 
cording to the transversely aligned web of the present 

55 invention, the filaments composing the transversely 
aligned web extend continuously from one edge to the 
other edge in the width direction of the transversely 
aligned web. and the width thereof is 300 mm or more. 
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Therefore, the transversely aligned web is suitable for 
use as a transversely aligned nonwoven fabric, unlike a 
web having a defect portion such as pilling due to break- 
ing of filament. Moreover, since the filaments extend 
continuously from one edge to the other edge in the 5 
width direction of the transversely aligned web. the 
transversely aligned web becomes wide and has a large 
tensile strength and elongation in the transverse direc- 
tion of the transversely aligned web in spite of the fact 
that the productivity rate for the web is high. Further- 10 
more, the above transversely aligned web is suitable as 
an original web when the original web is stretched in the 
transverse direction to produce a transversely stretched 
nonwoven fabric. 

[0017] According to the present invention, it is prefer- is 
able for the filament to have a diameter of a range of 
from 10 |im to 30 u.m, and for the transversely aligned 
web to have an elongation of 70% or more in the trans- 
verse direction. 

[001 8] With the above property, when the transverse- 20 
ly aligned web is utilized as an original web for forming 
a transversely stretched nonwoven fabric, It is possible 
to produce a transversely stretched nonwoven fabric 
which has a sufficiently large width, a desired texture 
and flexible and soft nature. 25 
[0019] According to the present invention, the trans- 
versely aligned web may be stretched in the transverse 
direction, and further, it is preferable for the filaments 
composing the stretched transversely aligned web to 
have a diameter of a range of from 5 u.m to 1 5 urn, and 30 
the tensile strength of the stretched transversely aligned 
web in the stretching direction is preferably 132.5 mN/ 
tex (1.5 g/d) or more. 

[0020] As described above, the transversely aligned 
web stretched in the transverse direction is formed of 35 
filaments of which diameter falls in the range of from 5 
u.m to 15 u.m, and the tensile strength of the stretched 
transversely aligned web in the stretching direction is 
132.5 mN/tex or more. Therefore, the transversely 
stretched nonwoven fabric according to the present in- 40 
vention provides a soft feeling of touch and has a high 
tensile strength in the transverse direction. The trans- 
versely stretched nonwoven fabric is suitable as an orig- 
inal web for producing a cross laminated nonwoven fab- 
ric in which the transversely stretched nonwoven fabric 4 $ 
is laid on a longitudinally aligned nonwoven fabric or the 
like so that the aligning directions of filaments of respec- 
tive nonwoven fabrics cross to each other. 
[0021] According to the method of producing a trans- 
versely aligned web and apparatus for producing a so 
transversely aligned web, initially, a melted resin is ex- 
truded from a spinning nozzle having an inner diameter 
of 0.6 mm or more downwardly. At th open end of the 
spinning nozzle, there is formed a annular primary air- 
flow nozzle having a diameter of 2.5 mm or more so as 55 
to be concentric with the opening end of the spinning 
nozzle, and a primary airflow is blown off at a high tem- 
perature and at a high velocity in the gravitational direc- 



tion-, whereby a melted filament extruded from the open- 
ing end of the spinning nozzle is vibrated. Thereafter, 
secondary airflows at a high temperature are blown off 
from secondary airflow nozzles, which are disposed on 
the upstream side and the downstream side of the run- 
ning direction of the conveyor with respect to the melted 
filament, toward the extruded melted filament vibrated 
by the primary airflow. Thus, the secondary airflows col- 
lide with each other below the spinning nozzle. 
[0022] in this way. the extruded melted filament vibrat- 
ed by the primary airflow can be flowed together with 
the secondary airflows which collide with each other and 
are spread in the width direction of the conveyor. Thus, 
the extruded melted filament vibrated by the primary air- 
flow can be spread by the secondary airflows, with the 
result that it becomes possible to spin the filaments de- 
riving from solidifying of the extruded melted filament. 
. at a high rate of 30000 m/min. or more. . 
[0023] Then, the extruded melted filament is spread 
in the width direction of the conveyor, whereby the spun 
filaments are aligned in the width direction of the con- 
veyor and piled on the conveyor. Thus, production is car- 
ried out for producing a transversely aligned web having 
filaments aligned in the width direction of the conveyor 
and extending in one direction along the running direc- 
tion of the conveyor. 

[0024] According to the process of producing the 
transversely aligned web. since filaments can be spun 
at a high rate of 30000 m/min. or more, the productivity 
of the transversely aligned web can be improved and 
hence the cost of the transversely aligned web can be 
decreased. Moreover, it becomes possible to produce 
the transversely aligned web in which filaments extend 
from one edge to the other edge of the transversely 
aligned web in the width direction thereof, and it be- 
comes possible to widen its width up to 300 mm or more. 
[0025] In orderto improve the productivity of the trans- 
versely aligned web, it is necessary to array a number 
of spinning heads above the conveyor. According to the 
present invention, filaments can be spun at a high rate 
by a single spinning head. Therefore, the necessary 
number of spinning heads to be arrayed above the con- 
veyor can be reduced. Thus, with the method of and ap- 
paratus for producing a transversely aligned web ac- 
cording to the present invention, it becomes possible to 
reduce the cost of facility and floor area to be prepared 
for the facility. Moreover, since the necessary number 
of spinning heads to be arrayed above the conveyor can 
be reduced, it is expected that the number of heads sub- 
jected to adjustment can also be reduced. Therefore, 
the method of and apparatus for producing a transverse- 
ly aligned web according to the present invention are 
advantageous in terms of adjustment and maintenance 
of facility. Furthermore, the method of and apparatus for 
producing a transversely aligned web according to the 
present invention can provide high productivity in pro- 
ducing the transversely aligned web but also a merit that 
a transversely aligned web acquires a large width. 
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[0026] In the description of the present invention 
above and below provided for explaining the aligning di- 
rection of the filaments of the nonwoven fabric or 
stretching direction of the nonwoven fabric, the term 
"longitudinal direction" means a direction in which the 5 
nonwoven fabric is conveyed upon producing the non- 
woven fabric, and the term "transverse direction" means 
a direction perpendicular to the longitudinal direction, i. 
e.. the width direction of the nonwoven fabric. 
[0027] In the description of the present invention '0 
above and below, the term "elongation" is in conformity 
with JIS (Japanese Industrial Standard)-U095. That is, 
a web of a width of 5 cm is held so as to extend over a 
distance of 10 cm in the longitudinal direction and 
stretched at a tensile velocity of 10 cm/min. Then, the *5 
rate of stretching length to its original length upon break- 
ing the web is expressed in a manner of %. 
[0028] Further, it is a custom that the tensile strength 
of the web or the nonwoven fabric is expressed as a 
breaking strength, or a breaking load per 5 cm which is 20 
determined by a long fiber filament nonwoven fabric 
testing method based on JI3-L1 096. However, in the de- 
scription of the present invention above and below, 
since the mass per area of the nonwoven fabric under 
test is variously selected, the mass of the nonwoven fab- 25 
he is converted into denier (tex) and the tensile strength 
is expressed by a strength per unit tex (mN/tex). A 
strength per unit denier (d) is denoted as a reference in 
addition to the strength per unit tex (mN/tex). 
[0029] The above and other objects, features and ad- 30 
vantages of the present invention will become apparent 
from the following description with reference to the ac- 
companying drawings which illustrate examples of the 
present invention. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

FIG. 1 A is a diagram showing a cross-section of a *o 
spinning head taken along the center line of a spin- 
ning nozzle formed in the spinning head which is 
provided in a producing apparatus for producing a 
transversely aligned web according to one embod- 
iment of the present invention; *s 
FIG. 1 B is a diagram showing a configuration of the 
spinning head shown in FIG. 1 A as viewed from the 
direction indicated by A in FIG. 1 A, or the lower side 
thereof; 

FIG. 2A is a diagram for explaining how a spinning so 
apparatus equipped with the spmning head shown 
in FIGS. 1 A and 1 B is driven for producing the non- 
woven fabric, the diagram showing the spinning ap- 
paratus as viewed from a direction perpendicular to 
the running direction of a mesh belt provided in the 55 
spinning apparatus; 

FIG. 2B is a diagram for explaining how the spinning 
apparatus equipped with the spinning head shown 



in FIGS. 1 A and 1 B is driven for producing the non- 
woven fabric, the diagram showing the spinning ap- 
paratus as viewed from the downstream side of the 
running direction of a mesh belt provided in the spin- 
ning apparatus; 

FIG. 3 is a diagram showing a cross-section of one 
example of a flow passage provided within the spin- 
ning head shown in FIGS. 1A. 1B, 2A and 2B for 
making a heated airflow blown off from a primary 
airflow nozzle a uniform airflow; 
FIG. 4A is a diagram showing a cross-section of the 
spinning head shown in FIGS. 1A and 1B taken 
along the center line of the spinning nozzle and sec- 
ondary airflow nozzles, wherein illustrated is an ar- 
rangement of small apertures for blowing off the 
heated airflow disposed around the primary airflow 
nozzle provided on the undersurf ace of the spinning 
head; 

FIG. 4B is a diagram showing a plan view of the 
undersurface of the spinning head shown in FIGS. 
1 A and 1B, wherein illustrated is the arrangement 
of small apertures for blowing off the heated airflow 
disposed around the primary airflow nozzle provid- 
ed on the undersurface of the spinning head; 
FIG. AC is a diagram showing a cross-section of a 
part of the spinning head shown in FIG. 4A taken 
along a plane perpendicular to the plane of FIG. 4A, 
wherein illustrated is the arrangement of the small 
apertures for blowing off the heated airflow dis- 
posed around the primary airflow nozzle provided 
on the undersurface of the spinning head; 
FIG. 5 is a diagram showing a cross-section of one 
modification of the flow passage for supplying the 
heated airflow provided within the spinning head 
shown in FIGS. 1 A and 1B. 
FIG. 6A is a plan view showing one example of an 
apparatus for stretching in the transverse direction 
a belt-like nonwoven fabric produced by the appa- 
ratus illustrated in FIGS. 2A and 2B; 
FIG. 6B is a side view showing one example of an 
apparatus for stretching in the transverse direction 
a belt-like nonwoven fabric produced by the appa- 
ratus illustrated in FIGS. 2A and 2B; 
FIG. 7 is a table in which are listed materials of the 
melted resin, spinning conditions and experimental 
results of experimental examples 1 to 4 (Examples 
1-4) and comparable examples 1 to 5; 
FIG. 8 is a table in which are listed dimensions of 
respective parts of the spinning head utilized for 
producing the experimental examples 1 to 4 (Exam- 
ples 1-4) and comparable examples 1 to 5 shown 
in FIG. 7; 

FIGS. 9A to 9C are diagrams each showing a rep- 
resentative example of a distribution profile of the 
mass extending along the transverse direction of 
the transversely aligned web; 
FIG. 1 0A is a diagram showing a cross-section of 
the spinning head as viewed from a direction per- 
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pendicular to the running direction of the mesh belt 
and a melted polymer extruded from the spinning 
head, to which reference is made for explaining the 
extruded melted polymer vibrated by a primary air- 
flow blown off from the primary airflow nozzle; 5 
FIG. 1 0B is a diagram showing a cross-section of 
the spinning head as viewed from the downstream 
side of the running direction of the mesh belt and 
the melted polymer extruded from the spinning 
head, to which reference is made for explaining the io 
extruded melted polymer vibrated by a primary air- 
flow blown off from the primary airflow nozzle; 
FIG. 11 A is a diagram showing a cross-section of 
the spinning head as viewed from a direction per- 
pendicular to the running direction of the mesh belt 15 
and the melted polymer extruded from the spinning 
head, to which reference is made for explaining that 
the extruded melted polymer vibrated by a primary 
airflow and dropping downwardly, is spread in the 
width direction of the mesh belt by a secondary air- 20 
flow; and 

FIG. 11B is a diagram showing a cross-section of 
the spinning head as viewed from the downstream 
side of the running direction of the mesh belt and 
the melted polymer extruded from the spinning 25 
head, to which reference is made for explaining that 
the extruded melted polymer vibrated by the prima- 
ry airflow and dropping downwardly, is spread in the 
width direction of the mesh belt by the secondary 
airflow. 30 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] FIGS. 1A and 1B show an apparatus for pro- 35 
ducing a transversely aligned web according to a first 
embodiment of the present invention which includes a 
mesh belt running in one direction and a spinning unit 
having a spinning head disposed above the mesh belt. 
. According to the apparatus for producing a transversely - *o 
aligned web. filaments are spun at a high rate by the 
spinning unit. The spun filaments are piled on the mesh 
belt so that the filaments are aligned in the width direc- 
tion of the mesh belt. In this way, there is produced a 
transversely aligned web in which most of the filaments *s 
are oriented in the same direction. 
[0032] As shown in FIG. 1 A and 1 B, spinning head 1 0 
provided in the apparatus for producing the transversely 
aligned web of the present embodiment includes air 
blowoff unit 6. spinning nozzle part 5 of a cylindrical 50 
shape disposed within air blowoff unit 6. Spinning nozzle 
part 5 has spinning nozzle 1 formed so as to extend in 
one direction and open at least one end of spinning noz- 
zle part 5. Spinning nozzle 1 has an inner diameter of 
N z at the open end thereof. Spinning head 1 0 is attached 55 
to the spinning unit so that the longitudinal direction of 
spinning nozzle 1 under operation is in parallel with the 
gravitational direction. Spinning nozzle 1 is supplied 



with a melted polymer as a melted resin from the upper 
side thereof. The supplied melted polymer flows through 
spinning nozzle 1 and is extruded from the opening end 
at the lower side of spinning nozzle 1 downwardly. 
[0033] On the other hand, air blowoff unit 6 has a con- 
cave portion formed so that a pair of slant surfaces 8a 
and 8b are formed. The bottom of the concave portion 
of air blowoff unit 6 is horizontal plane 7 which is per- 
pendicular to the gravitational direction when the head 
is under operation. Thus, one slant surface 8a is dis- 
posed on one side of horizontal plane 7 and the other 
slant surface 8b is disposed on the other side of hori- 
zontal plane 7. Further, the pair of slant surfaces 8a and 
8b are formed to be symmetrical with each other with 
respect to a plane perpendicular to horizontal plane 7 
and containing the center line of spinning nozzle 1 . Fur- 
thermore, the pair of slant surfaces 8a and 8b are ob- 
liquely formed such that the horizontal distance between 
the pair of slant surfaces 8a and 8b becomes greater as 
the level at which the distance is taken is lowered. 
[0034] Spinning nozzle part 5 is exposed at the lower 
end portion thereof to the outside of spinning head 10 
at the center portion of horizontal plane 7 of air blowoff 
unit 6. Spinning nozzle part 5 is provided within the air 
blowoff unit so that a annular gap is provided between 
the outer surface of spinning nozzle 5 and the inner sur- 
face of air blowoff unit 6. This annular gap serves as 
primary airflow nozzle 2 from which heated air is blown 
off as a primary airflow. The outer diameter of spinning 
nozzle 5, i.e.. the inner diameter of primary airflow noz- 
zle 2 is d. while the outer diameter of primary airflow 
nozzle 2 is D. Spinning nozzle part 5 is attached to air 
blowoff unit 6 so that spinning nozzle part 5 projects at 
the end thereof by a height H from the end portion of 
primary airflow nozzle 2 of air blowoff unit 6. or horizontal 
plane 7, as shown in FIG. 1 A. 

[0035] A primary airflow is supplied from the upper 
portion of primary airflow nozzle 2 into primary airflow 
nozzle 2. The supplied primary airflow passes through 
primary airflow nozzle 2 to the outside from the opening 
end of primary airflow 2 at horizontal plane 7 downward- 
ly at a high speed. As described above, the primary air- 
flow is blown off at a high speed from primary airflow 
nozzle 2, whereby an air-pressure decreased region in 
which air pressure is decreased is caused below spin- 
ning nozzle part 5. Owing to the air-pressure decreased 
region, the melted polymer extruded from spinning noz- 
zle 1 is vibrated. The level distance, H between the lower 
surface of spinning nozzle part 5 and horizontal plane 7 
which is a blowoff surface of the primary airflow from 
primaTy airflow nozzle 2, serves as a setup distance of 
spinning nozzle part 5 in the axial direction. 
[0036] The diameter N z of spinning, nozzle 1 is of a 
range from 0.60 mm to 0.85 mm or more. The outer di- 
ameter of spinning nozzle part 5, or the inner diameter 
d of annular primary airflow nozzle 2 from which primary 
airflow is blown off, is of a range from 2.5 mm to 6.0 mm. 
With these dimensions, the primary airflow at a high 
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temperature is blown off from annular primary airflow 
nozzle 2 formed so as to surround spinning nozzle 1 . In 
this v/ay. the primary airflow can be flowed in the gravi- 
tational direction through the whole periphery of the di- 
ameter of 2.5 mm or more of primary airflow nozzle 2 
which is concentric with the center line extending in the 
longitudinal direction of spinning nozzle 1 from the open- 
ing end of primary airflow nozzle 2. 
[0037] Further, air blowoff unit 6 has a plurality of sec- 
ondary airflow nozzles 4a and 4b from which a heated 
secoodary airflow is blown off. Owing to the secondary 
airflows blown off from secondary airflow nozzles 4a and 
4b. the melted polymer vibrated by the primary airflow 
blown off from primary airflow nozzle 2. can be spread 
and dropped. Then, filaments deriving from the melted 
polymer can be aligned in one direction, as will be de- 
scribed later on. Secondary airflow nozzle 4a is formed 
so as to open on slant surface 8a while secondary air- 
flow nozzle 4b is formed so as to open on slant surface 
8b. Each of secondary airflow nozzles 4a and 4b has 
the same cross-section , or a circular shape, which is tak- 
en along the direction perpendicular to the longitudinal 
direction of the nozzle. The diameter of the circular 
shaped cross-section is r. Secondary airflow nozzle 4a 
extends into air blowoff unit 6 so that the extending di- 
rection thereof is perpendicular to slant surface 8a. Sim- 
ilarly, secondary airflow nozzle 4b extends into air blow- 
off unit 6 so that the extending direction thereof is per- 
pendicular to slant surface 8b. 

[0038] The plurality of secondary airflow nozzles 4a 
and the plurality of secondary airf low nozzles 4b are ar- 
rayed so that each center line of all the plurality of sec- 
ondary airflow nozzles 4a and the plurality of secondary 
airflow nozzles 4b and the center line of spinning nozzle 
1 are included in a plane which is perpendicular to hor- 
izontal plane 7 and slant surfaces 8a and 8b. Thus, the 
plurality of secondary airflow nozzles 4a and the plurality 
of secondary airflow nozzles 4b are disposed in a sym- 
metric manner with respect to the midst plane between 
slant surfaces 8a and 8b. i.e., a plane which contains 
the center line of spinning nozzle 1 and is perpendicular 
to horizontal plane 7. 

[0039] While in the above embodiment of the present 
invention two pairs of secondary airflow nozzles 4a and 
4b are formed, a single pair of primary airflow nozzles 
4a and 4b may be provided on slant surfaces 8a and 8b. 
respectively. That is. only one pair of secondary airflow 
nozzles 4a and 4b may be formed. However, it is pref- 
erable that two or more pairs of secondary airflow noz- 
zles 4a and 4b are provided. 

[0040] In the arrangement of spinning head 10, sec- 
ondary airflow is blown off from each of secondary air- 
flow nozzles 4a and 4b in a direction obliquely down- 
ward relative to the horizontal direction. Thus, a second- 
ary airflow blown off from secondary airflow nozzle 4a 
and a secondary airflow blown off from secondary air- 
flow nozzle 4b are directed to both the sides of the melt- 
ed polymer extruded from spinning nozzle 1 and collide 



with each other below spinning nozzle 1 . When the sec- 
ondary airflow blown off from secondary airflow nozzle 
4a and the secondary airflow blown off from secondary 
airflow nozzle 4b collide with each other below spinning 
5 nozzle 1 , a part of the secondary airflow colliding with 
each other spreads in a direction which is perpendicular 
to the plane containing the center lines of secondary air- 
flow nozzles 4a and 4b and spinning nozzle 1 and par- 
allel with horizontal plane 7. The meUed polymer extrud- 
w ed from spinning nozzle 1 is drifted by the spreading 
secondary airflow. The melted polymer drifted by the 
spreading secondary airflow is also spread from side to 
side with respect to the center line which is extended 
from the center line of spinning nozzle 1 as viewed from 
'5 slant surface 8a or 8b side toward spinning nozzle 1 . 
[0041 ] Also, a plurality of small apertures 3 are formed 
at the vicinity of spinning nozzle part 5 on horizontal 
plane 7 of air blowoff unit 6. Each of small apertures 3 
extends in a direction perpendicular to the horizontal di- 
20 rection of spinning nozzle 1 , or horizontal plane 7. The 
cross-section of each small aperture 3 taken along a line 
perpendicular to the longitudinal direction of the aper- 
ture, is a circular shape and its diameter is constantly q. 
These small apertures 3 are arrayed in a line perpen- 
25 dicular to the center line of spinning nozzle 1 on each 
side of secondary airflow nozzle 4a, 4b of spinning noz- 
zle part 5. The number of small apertures 3 provided on 
the side of secondary airflow nozzle 4a of spinning noz- 
zle part 5 is the same as the number of small apertures 
30 3 provided on the side of secondary airflow nozzle 4b of 
spinning nozzle part 5. Further, similarly to secondary 
airflow nozzles 4a and 4b. the small apertures 3 are ar- 
rayed in a symmetrical manner with respect to a plane 
of the midst point between slant surfaces 8a and 8b, or 
35 a plane containing the center line of spinning nozzle 1 
and perpendicular to horizontal plane 7. 
[0042] According to the above-described . embodi- 
ment of the present invention, there are three small ap- 
ertures 3 provided between spinning nozzle part 5 and 
40 one surface 8a. Also, there are three small apertures 3 
provided between spinning nozzle part 5 and other sur- 
face 8b. A heated airflow is blown off from the opening 
end of each small aperture 3 on the side of horizontal 
plane 7, whereby filaments can be spun with stability. 
45 The heated airflow blown off from each small aperture 
3 may be led from a heating source of the primary airflow 
for blowing off an airflow from primary airflow nozzle 2. 
Further, the heated airflow supplied to small apertures 
3 may be led from a heating source of the secondary 
so airflow for blowing off an airflow from secondary airflow 
nozzles 4a and 4b. Alternatively, a third heating source 
which is separate from that of the primary airflow or sec- 
ondary airflow, may be prepared and airflow from the 
third heating source may be blown off from small aper- 
55 tures 3. 

[0043] FIGS. 2A and 2B are diagrams each showing 
how nonwoven fabric is produced by the apparatus of a 
transversely aligned web of the present embodiment in- 
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eluding thespinning unit having spinning head 1 0shown 
in FIGS. 1Aand 1B. 

[0044] As shown in FIGS. 2A and 2B. the apparatus 
for producing the transversely aligned web of the 
present embodiment includes mesh belt 19 of a belt- 5 
shape as a conveyor belt. Filaments are piled on mesh 
belt 1 9, whereby nonwoven fabric can be produced. The 
produced nonwoven fabric is conveyed by mesh belt 1 9. 
At least a part of mesh belt 19 runs in one direction in- 
dicated by an arrow A of FIG. 2A in a horizontal plane io 
below spinning head 10. 

[0045] Spinning head 1 0 is fixed to a frame not shown 
so that spinning nozzle i is disposed above the substan- 
tial center portion of mesh belt 1 9 in width direction. Fur- 
ther, spinning nozzle 1, small apertures 3. secondary *5 
airflow blowoff nozzles 4a and 4b are disposed so that 
each center line of these components is included in a 
plane which is in parallel with the running direction of 
mesh belt 19 and perpendicular to the surface of mesh 
belt 19. That is, spinning nozzle 1 and the plurality of 20 
small apertures 3 are arrayed along the running direc- 
tion of mesh belt 19. The plurality of secondary airflow 
nozzles 4a are disposed on the upstream side of spin- 
ning nozzle part 5 in the running direction of mesh belt 
19 while the plurality of secondary airflow nozzles 4b 25 
are disposed on the downstream side of spinning nozzle 
part 5 in the running direction of mesh belt 19. Thus, 
secondary airflow blowoff nozzles 4a and 4b are dis- 
posed so as to be included in a plane. The plane con- 
tains the center line of spinning nozzle 1 . is in parallel 30 
with the running direction of mesh belt 19, and is per- 
pendicular to the surface of mesh belt 19. symmetrically 
along the running direction of mesh belt 1 9 with respect 
to the center line of spinning nozzle 1 . 
[0046] Further, the apparatus for producing trans- 35 
versely aligned web according to the present embodi- 
ment includes a plurality of cooling nozzles 20 as cooling 
means. Cooling nozzles 20 are disposed above mesh 
belt 19 on the upstream side and downstream side of 
the running direction of mesh belt 1 9 so as to cool melted *o 
polymer 17 extruded from spinning nozzle 1. Airflow 
containing a mist-like moisture is blown off from each 
cooling nozzle 20. Airflow containing a mist-like mois- 
ture blown off from each cooling nozzle 20 is injected 
toward melted polymer 17 before melted polymer 17 45 
from spinning nozzle i reaches mesh belt 19. whereby 
melted polymer 17 can be cooled. While in the mode of 
the present embodiment cooling nozzles 20 are dis- 
posed on both the sides of melted polymer 17, cooling 
nozzle 20 may be provided on only one of the upstream so 
side and the downstream side of the mesh belt. 
[0047] As described above, spinning head 10 is made 
up with various components such as the spinning nozzle 
part, the primary airflow blowoff unit, the secondary air- 
flow blowoff unit and so on. When the spinning head is 55 
constructed, these components may be independently 
manufactured and then these components are assem- 
bled to construct the spinning head. The process of as- 



sembling the spinning head is important in terms of es- 
tablishing precise determination of the dimensions of 
each components of spinning head 1 0 and the optimum 
assemblage thereof. However, according to the spin- 
ning head of the present invention, the important matter 
is mechanical accuracy of alignment of respective com- 
ponents after assemblage. If each component of the 
spinning head is manufactured independently and 
thereafter they are assembled into the spinning head, it 
is difficult to establish the mechanical alignment among 
these components. Therefore, these components may 
be worked in an integrally combined state. Alternatively, 
these components are assembled so as to establish me- 
chanical alignment and then weld work is effected ther- 
eon under condition that the alignment is fixed. Thus, 
some trial manufacture revealed that spinning head 10 
with a stable alignment can be obtained by the above 
method of manufacturing. 

[0048] Spinning head 1 0 manufactured in the above- 
described method is supplied with a primary airflow to 
be blown off from the primary airflow nozzle 2. When 
spinning head 1 0 is driven, it is necessary for the primary 
airflow to be supplied to primary airflow nozzle 2 uni- 
formly. The term "uniform" means that the heated airflow 
blown off from primary airflow nozzle 2 is uniform in 
terms of not only velocity but also the temperature there- 
of. 

[0049] FIG 3 is a diagram showing an example of flow 
passage provided within spinning head 10 and commu- 
nicated with primary airflow nozzle 2. As shown in FIG. 
3. the flow passage fe formed of annular gaps 11 to 14. 
Each of annular gaps 11 to 14 is formed into an annular 
shape concentric with respect to the center line of spin- 
ning nozzle 1 within the upper portion of the nozzle head 
relative to primary airflow nozzle 2 of air blowoff unit 6. 
Annular gap 11 extends in the gravitational direction so 
that the width of the gap is maintained at constant value, 
S v Thus, a heated airflow can be flowed downwardly 
through annular gap 11. Annular gap 11 communicates 
at its lower portion with annular gap 12 which extends 
from the lower portion of annular gap 1 1 toward the cent- 
er line of spinning nozzle 1 so that the gap extends on 
a horizontal plane toward the inside of annular gap 11 . 
The dimension of the gap of annular gap 12 is S 2 and 
the value is constant. A heated airflow supplied from an- 
nular gap 11 is flowed inwardly within annular gap 12 
toward the center line of spinning nozzle 1 . 
[0050] Annular gap 12 communicates at its inner por- 
tion with annular gap 13 at its lower portion which ex- 
tends in the gravitational direction inside annular gap 
11. The dimension of the gap of annular gap 13 is S 3 
and the value is constant. Annular gap 13 communi- 
cates at its upper end with annular gap 14 which extends 
inwardly from the upper end of annular gap 13 toward 
the center line of spinning nozzle 1 . The dimension of 
the gap of annular gap 1 4 is S 4 and the value is constant. 
The heated airflow supplied from annular gap 13 is 
flowed inwardly within annular gap 14 toward the center 
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line of spinning nozzle 1 . 

[0051] The dimensions of the gaps St to S 4 of annular 
gaps 11 to 14 are determined in such a manner that at 
least one of the dimensions of the gaps of annular gaps 
11 to 14 falls within a range of from 0.1 mm to 0.5 mm. 
In this way, when the heated airflow passes through the 
flow passage formed of annular gaps 11 to 14, the ve- 
locity and the temperature of the heated airflow become 
uniform, with the result that uniform heated airflow can 
be created. 

[0052] In spinning nozzle 10 having the above-illus- 
trated flow passage formed therein, a heated airflow as 
a primary airflow is supplied to spinning head 1 0 and led 
to annular gap 11 from the upper portion thereof. The 
heated airflow led to annular gap 1 1 is made into a uni- 
form flow when the heated flow passes through annular 
gaps n.1213 and 1 4 sequentially. The heated airflow 
led to annular gap 14 is led from the inside portion of 
annular gap 14 to the upper portion of primary airflow 
nozzle 2 which is located at the center on the inner side 
of annular gap 14. In this way. the heated airflow made 
into a uniform flow in terms of velocity and temperature 
is supplied to the inner space of primary airflow nozzle 
2, and hence it becomes possible to blow off a heated 
airflow made into a uniform flow in terms of velocity and 
temperature thereof. 

[0053] While in the present embodiment the above- 
described arrangement of flow passage is applied to the 
flow passage for blowing off a heated airflow from pri- 
mary airflow nozzle 2. the same or similar arrangement 
of the flow passage may be applied to a flow passage 
for blowing off an airflow from secondary airflow nozzles 
4a and 4b and small apertures 3. With this arrangement, 
it becomes possible to blow off a uniform heated airflow 
from each of secondary airflow nozzles 4a and 4b and 
small apertures 3. 

[0054] The processes for producing the transversely 
aligned web by using the producing apparatus con- 
structed as described above will hereinafter be de- 
scribed with reference to FIGS. 2. 10 and 11. 
[0055] Initially, melted polymer is supplied from the 
upper portion of spinning nozzle part 5 into spinning noz- 
zle 1 . Thus, melted polymer 1 7 stored in spinning nozzle 
i is extruded from the opening end of spinning nozzle 
1 at the lower end thereof toward the upper surface of 
mesh belt 19. In this case, since a primary airflow at a 
high temperature is blown off downwardly from primary 
airflow nozzle 2. an air-pressure decreased region is 
created below spinning nozzle part 5 owing to the heat- 
ed airflow. Owing to the air-pressure decreased region, 
melted polymer extruded from spinning nozzle 1 is vi- 
brated. Thus, molted polymer 1 7 is dropped downwardly 
owing to gravity while vibrated by the primary airflow 
blown off from primary airflow nozzle 2. 
[0056] FIGS. 1 1 A and 1 1 B are diagrams illustrative of 
the phenomenon in which the melted polymer extruded 
from spinning no7zle is vibraied owing to the air-pres- 
sure decreased region created below spinning nozzle 



part 5 by the primary airflow blown off from primary air- 
flow nozzle 2. The vibration mode of extruded melted 
polymer 1 7 contains several vibration components such 
as a vibration in a plurality of directions perpendicular 

5 to the gravitational direction and a vibration in the up- 
and-down direction. Therefore, melted polymer 17 vi- 
brates in such a manner that the vibration contains ir- 
regular swingable motions in a variety of directions per- 
pendicular to the gravitational direction and an irregular 

10 swingable motion in the up-and-down direction. 

[0057] Further, as described above, below spinning 
nozzle 1 . collision is created between the secondary air- 
flow at a high temperature blown off from secondary air- 
flow nozzle 4a disposed on the upstream side of the run- 

15 ning direction of mesh belt 1 9 and the secondary airflow 
at a high temperature blown off from secondary airflow 
nozzle 4b disposed on the downstream side of the run- 
ning direction of mesh belt 1 9. Thus, both of the second- 
ary airflows blown off from secondary airflow nozzles 4a 

20 and 4b which are provided on the upstream side and 
downstream side of the running direction of mesh belt 
19, collide with each other on vibrated and dropped 
melted polymer 1 7. Owing to the collision of the airflows . 
a part of respective secondary airflows colliding with 

25 each other spreads in the width direction of mesh belt 
19. Vibrated and dropped melted polymer 17 is drifted 
by the secondary airflow which is spread in the width 
direction of mesh belt 19. whereby melted polymer 17 
is also spread in the width direction of mesh belt 19. as 

30 shown in FIG. 2B. 

[0058] FIGS. 1 1 A and 1 1 B are diagrams illustrative of 
a phenomenon in which melted polymer 1 7 vibrated by 
the primary airflow and dropped is spread in the width 
direction of mesh belt 1 9. As shown in FIG. 1 1 B. the ir- 

35 regular vibration caused by the primary airflow on melt- 
ed polymer 1 7 is amplified in the width direction of mesh 
belt 19 and up-and-down direction. During the amplifi- 
cation of the vibration, melted polymer 17 is further 
spread in the width direction of mesh belt 19 by the 

40 spreading secondary airflow. With the spread of the am- 
plitude of vibration of melted polymer 17 in the width di- 
rection of mesh belt 19. as shown in FIG. 11 A, the am- 
plitude of vibration of melted polymer 17 is slightly in- 
creased in the running direction of mesh belt 19. 

45 [0059] When'meited polymer 1 7 is spread in the width 
direction of mesh belt 19 by the secondary airflow and 
dropped downwardly, melted polymer 17 is cooled by 
the air containing a mist-like moisture, blown off from 
each cooling nozzle 20. Thus, melted polymer 17 is 

so cooled rapidly, with the result that melted polymer 17 is 
solidified to be made into filaments. The resulting fila- 
ments are aligned in the width direction of mesh belt 19 
and piled on mesh belt 19. As described above, melted 
polymer 1 7 is extruded and filaments spun from the pol- 

55 ymer are piled on mesh belt 19 so as to be aligned in 
the width direction of mesh belt 19. Thus, there is pro- 
duced nonwoven fabric 18 of a strip-like shape as a 
transversely aligned web which is made of filaments 
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piled on mesh belt 19 and extending in the running di- 
rection of rnesh belt 19. 

[0060] In the above-described processes, melted pol- 
ymer 17 extruded from spinning nozzle 1 is vibrated by 
the primary airflow blown off from primary airflow nozzle 
2, and thereafter melted polymer 1 7 extruded from spin- 
ning nozzle 1 is spread in the width direction of mesh 
belt 1 9 by the secondary airflows blown off from second- 
ary airflow nozzles 4a and 4b. Thus, filaments deriving 
from extruded melted polymer 1 7 can be spun at a high 
spinning rate of 30000 m/min. or more. The filaments 
spun at the high spinning rate are piled on mesh belt 19 
to produce nonwoven fabric 18, whereby the trans- 
versely aligned web can be produced at a high produc- 
tivity and a low cost. Further, it becomes possible to pro- 
duce nonwoven fabric 18 of which width is 300 mm or 
more and of which elongation in the transverse direction 
is 70% or more , depending on the dimensions of respec- 
tive parts of spinning head 10 or the various spinning 
conditions. Furthermore, the filaments composing non- 
woven fabric 1 8 can be made to have a diameter of a 
range of from 1 0 fim to 30 depending on the dimen- 
sions of respective parts of spinning head 1 0 or the var- 
ious spinning conditions. 

[0061] The filaments composing nonwoven fabric 18 
extend continuously from one edge to the other edge in 
the width direction of nonwoven fabric formed into the 
strip shape. If the width of nonwoven fabric 18 is 300 
mm or more, nonwoven fabric 18 becomes suitable for 
use as a transversely aligned nonwoven fabric, unlike a 
web having a defect portion formed due to breaking of 
filament such as a pilling portion. Moreover, since the 
filaments extend continuously from one edge to the oth- 
er edge in the width direction of nonwoven fabric 18, it 
becomes possible to obtain a resulting transversely 
aligned web having a targe tensile strength in the trans- 
verse direction and a large width while maintaining a 
high productivity. 

[0062] Further, nonwoven fabric 18 described above 
can serve as an original web to be stretched in the trans- 
verse direction to produce a transversely stretched non- 
woven fabric. As described above, if the filaments form- 
ing nonwoven fabric 1 8 are made to have a diameter of 
10 jim to 30 u.m, when nonwoven fabric 18 is stretched 
in the transverse direction, the stretched filaments can 
be made to have a diameter of 5 u.m to 1 5 urn. The non- 
woven fabric formed of such filaments having the diam- 
eter of 5 um to 15 urn becomes transversely stretched 
nonwoven fabric with a wide width which has a prefer- 
able texture as a cloth and softjiature. Further, such 
transversely stretched nonwoven fabric is a suitable 
original web for producing a cross laminated nonwoven 
fabric in which the transversely stretched nonwoven fab- 
ric is laid on a longitudinally aligned nonwoven fabric or 
the like so that aligned directions of filaments of the fab- 
rics cross to each other. 

[0063] If it is requested to improve the productivity of 
the transversely aligned web. it is necessary to increase 



the number of spinning heads arrayed above the con- 
veyor. However, according to the method of producing 
the transversely aligned web and the apparatus for pro- 
ducing the same, it becomes possible to spin filaments 
5 by a single spinning head at a high rate. Therefore, the 
number of spinning heads to be arrayed can be reduced. 
Thus, the method of producing the transversely aligned 
web and the apparatus for producing the same accord- 
ing to the present invention are advantageous in terms 
10 of cost of facility and areas of facility. Furthermore, since 
the number of spinning heads to be arrayed is small, the 
number of spinning heads to be adjusted is also small. 
Therefore, the method of producing the transversely 
aligned web and the apparatus for producing the same 
*5 according to the present invention are advantageous in 
terms of adjustment and maintenance of facility. 
[0064] FIGS. 4A to 4C are diagrams showing a first 
modification of the embodiment of the present invention. 
According to the modification, the plurality of small ap- 
ertures 3 are provided in air blowoff unit 6 so that their 
openings are arrayed at a regular interval on a circum- 
ference concentric with spinning nozzle 1, the circum- 
ference surrounding primary airflow nozzle 2 on hori- 
zontal plane 7 of air blowoff unit 6. Each of small aper- 
tures 3 is provided in a slightly oblique direction with re- 
spect to horizontal plane 7, and hence the depth direc- 
tion of small aperture, i.e., the center line of small aper- 
ture 3 is tilted with respect to horizontal plane 7. Spin- 
ning of filament will be carried out with stability even by 
a heated airflow blown off from small apertures 3 ar- 
ranged as illustrated above. 

[0065] FIG. 5 is a diagram showing another modifica- 
tion of the embodiment of the present invention. As 
shown in FIG. 5. primary airflow nozzle 2 may commu-. 
nicate with respective small apertures 3 within spinning 
head 1 0. According to the configuration of spinning head 
1 0. the heated airflow blown off from primary airflow noz- 
zle 2 and the heated airflow blown off from respective 
small apertures 3 share the same heating source. The 
flow passage within spinning head 10 may take any ar- 
rangement so long as a heated airflow having a uniform 
velocity and temperature can be blown off from primary 
airflow nozzle 2. 

[0066] FIGS. 6A and 6B are diagrams showing one 
example of an apparatus for stretching nonwoven fabric 
of a strip shape in its transverse direction which is pro- 
duced by the producing apparatus which was described 
with reference to FIGS. 2A and 2B. The apparatus 
shown in FIGS. 6A and 6B is a transversely stretching 
apparatus for stretching nonwoven fabric of a strip 
shape in its transverse direction by using a pair of pul- 
leys. 

[0067] The apparatus shown in FIGS. 6A and 6B in- 
cludes heated air chamber 31 in which a heated airflow 
is circulated, a pair of stretching pulleys 32 and 33 pro- 
vided on the right and left sides within heated air cham- 
ber 31 . a pair of belt 35 provided within heated air cham- 
ber 31 , cooling cylinder 34 for cooling nonwoven fabric 
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1 8 stretched within heated air chamber 31 , and so on. 
A pair of stretching pulleys 32 and 33 provided on the 
right and left sides are rotated at the same circumferen- 
tial speed, and disposed symmetrically with respect to 
the center line of the fabric stream line so that a diver- 5 
gent locus is formed, i.e., the distance between the cir- 
cumferences of stretching pulleys 32 and 33 is widened 
as the position under the measurement of the distance 
moves from the upstream to the downstream of the run- 
ning direction of nonwoven fabric 18. 10 
[0068] The pair of stretching pulleys 32 and 33 have 
a belt groove formed on the circumference thereof, 
whereby circulating belt 35 is engaged at the part there- 
of with the belt groove of . the pair of stretching pulleys 
32 and 33. Circulating belt 35 is stretched among four 15 
rollers 35. Circulating belt 35 is not illustrated in FIG. 6A. 
Circulating belt 35 is engaged with the pair of stretching 
pulleys 32 and 33 in such a manner that a part of circu- 
lating bell 35 passes on the locus of the outer periphery 
of the pair of stretching pulleys 32 and 33 on the diver- 20 
gent locus formed by the pair of stretching pulleys 32 
and 33. 

[0069] According to the above-described transversely 
stretching apparatus, nonwoven fabric 18 made of un- 
oriented filaments is conveyed into heated air chamber 
3 1 . Conveyed nonwoven fabric 1 8 is introduced at a por- 
tion where the distance between the pair of stretching 
pulleys 32 and 33 becomes shortest. Nonwoven fabric 
1 8 led by stretching pulleys 32 and 33 is held at its one 
edge in the transverse direction by the periphery" of 
stretching pulley 32 and circulating belt 35 engaged into 
the belt groove provided on the circumference of 
stretching pulley 32. Nonwoven fabric 18 is also held at 
the other edge in the transverse direction by the periph- 
ery of stretching pulley 33 and circulating belt 35 which 
is engaged into the belt groove provided on the circum- 
ference of stretching pulley 33. In this way. nonwoven 
fabric 18 is held at both the edges in the width direction 
by stretching pulleys 32 and 33 and circulating belt 35, 
thus nonwoven fabric 18 is conveyed. During the con- 
veyance of nonwoven fabric 18. nonwoven fabric 18 is 
stretched owing to the diverging arrangement of stretch- 
ing pulleys 32 and 33 so that the distance between both 
the edges of nonwoven fabric 18 is enlarged. As a con- 
sequence, nonwoven fabric 18 is stretched in the trans- 
verse direction thereof within heated air chamber 31. 
[0070] Nonwoven fabric 18 stretched in the trans- 
verse direction is brought apart from stretching pulleys 
32 and 33 and circulating belt 35 at the widest portion 
of the locus of stretching pulleys 32 and 33. Stretched 
nonwoven fabric 1 8 is cooled by cooling cylinder 34 de- 
pending on necessity, and then conveyed to the outside 
of heated air chamber 3 1 . Thus, there is produced trans- 
versely stretched nonwoven fabric 40 as a transversely 
aligned web in which nonwoven fabric 18 is transversely 
stretched during the above-described processes. 
[0071] Now, the preferable mode of embodiment of a 
method of producing transversely aligned web and an 



apparatus for producing the same according to the 
present invention will be described. 
[0072] Inventors et al. investigated the high speed 
spinning. The result of the investigation revealed a so- 
lution of problems upon the high speed spinning under 
the following condition. That is, as for spinning means, 
overall discussion was made on the spinning nozzle, the 
primary airflow nozzle, the secondary airflow nozzle, the 
internal structure of spinning head, spinning conditions, 
relation between these conditions and resulting prod- 
ucts and so on. According to the investigations and dis- 
cussions, the inventors et al. found a solution under the 
following conditions. 

[0073] If the spinning is carried out with ordinary type 
of filaments, in particular, if the spinning is aiming at pro- 
ducing nonwoven fabric formed of filaments of which a 
diameter is 1 5 M-m or less, the spinning nozzle is usually 
designed to have a diameter of 0.2 mm to 0.3 mm. If it 
is desired to spin filaments with a diameter of 15 jim or 
less, corresponding diameter of spinning nozzle will not 
exceed 0.5 mm. However, if it is also desired to carry 
out the spinning at a high rate such as in the case of the 
present invention, the spinning nozzle is requested to 
have a diameter, N z of 0.60 mm or more. It is desirable 
for the spinning nozzle to have a diameter of 0.65 mm 
or more. More desirably, the spinning nozzle is request- 
ed to have a diameter of 0.70 mm or more. However, it 
is undesirable for the spinning nozzle to have a diameter 
of 0.85 mm or more. 

[0074] It is desirable for primary airflow nozzle 2 of a 
annular shape from which the primary airflow is blown 
off. to have an inner diameter, d of 2.5 mm or more. More 
desirably, the diameter is 3.0 mm or more. However, it 
is undesirable for the inner diameter of primary airflow 
nozzle 2 to be of 6.0 mm or more. In this case, a plurality 
of small apertures 3 from which a heated airflow is blown 
off downwardly, are provided around primary airflow 
nozzle 2 on the undersurface of spinning head 1 0. Thus, 
filaments can be spun with stability. 
[0075] It is desirable for secondary airflow nozzles 4a 
and 4b. which are opposite to each other in the longitu- 
dinal direction of mesh belt 19, to have a diameter, r of 
$1 .5 mm or more. More desirably, the diameter is <(>2.0 
mm or more. However, it is undesirable for the diameter 
of secondary airflow nozzles 4a and 4b to be of $6.0 mm 
or more. Further, it is desirable for a plural number of 
secondary airflow nozzles 4a and 4b to be provided on 
both the sides of melted resin extruded from spinning 
nozzle 1 . 

[0076] Setup distance H of spinning nozzle part 5 of 
a cylindrical shape serving as spinning nozzle 1 with the 
inner space thereof, i.e., the height H by which spinning 
nozzle part 5 projects at its lower surface from the sur- 
rounding portion of annular primary airflow nozzle 2, is 
desirably larger than zero and smaller than 1.0 mm. 
More desirably, the height falls within a range of from 
0.1 mm to 0.5 mm. 

[0077] Spinning head 10 desirably has a structure 
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such that the spinning nozzle part and members consti- 
tuting the primary airflow blowoff unit are unitarily 
formed. Further, as has been described with reference 
to FIG. 3. the flow passage provided within the spinning 
head 1 0 for making the primary airflow uniform, desira- 5 
bly has a shape of a annular nozzle of which the gap 
falls in a range of from 0.1 mm to 0.5 mm. With this ar- 
rangement, each member of spinning head 10 can be 
well aligned in terms of mechanical assemblage and the 
primary airflow can be blown off uniformly, with the result io 
that filaments can be spun with stability. In this case, if 
the secondary airflow blowoff unit having secondary air- 
flow nozzles 4a and 4b formed is also unitarily formed 
together with the spinning.head. overall alignment of the 
spinning head will be further improved. is 
[0078] A spray gun for use for painting is an apparatus 
similar to spinning head 1 0 utilized in the method of pro- 
ducing the transversely aligned web according to the 
present invention. However, the spray gun has a smaller 
nozzle diameter than that of spinning head 1 0 according 20 
to the present invention. Also, the shape of the nozzle 
of the spray gun is not analogous to the nozzle of spin- 
ning head 10 according to the present invention. 
[0079] Filaments spun by spinning head 10 at a high 
rate according to the present invention have a diameter 25 
of more than 10 um and less than 30 u,m. The diameter 
of the filaments is more desirably greater than 10 u.rn 
and less than 25 fim. An ordinary diameter of filaments 
is about 20 pm. If the diameter of filaments exceeds 30 
u. m. the filaments will not be sufficiently vibrated by the 30 
primary airflow upon spinning, with the result that spin- 
ning becomes unstable. Further, the resulting products 
have bad texture as a fabric. If the diameter of filaments 
is smaller than 1 0 u.m, spinning also becomes unstable. 
Further, resulting web composed of such thinned fila- 35 
ments has a poorextendability. Filaments spun at a high 
rate by the method of production and apparatus for pro- 
duction according to the present invention are un-orieni- 
ed filaments. If the web formed of such un-oriented fila- 
ments is stretched in the later process, the web can be *o 
stretched at five times or more in stretching ratio. The 
diameter of filaments after undergoing the stretching 
process becomes more than 5 u.m and less than 1 5 um 
The diameter of filaments composing the transversely 
aligned web according to the present invention is sub- «5 
stantially constant. The way of measuring the diameter 
of filaments will be concretely described later on. The 
term "diameter of filaments" in the description of the 
present invention means a mean value of diameters of 
filaments composing the transversely aligned web. so 
[0080] Multi-filaments spun by an ordinary high rate 
spinning have a diameter of about 20 u.m. However, 
such filaments are subjected to molecular orientation at 
the timing point when they are spun at the high rate. 
Thus, it is almost impossible to stretch the filaments after 55 
being spun. Accordingly, the diameter of multi-filaments 
encounters a limitation in thinning the diameter. Thus, 
the diameter of an. ordinary multi-filament tends to be- 



come larger than the diameter of filamenfe spun by the 
production method and production apparatus according 
to the present invention based on the comparison after 
stretching the filaments. 

[0081] Further, the transversely aligned web accord- 
ing to the present invention is characterized by a fila- 
ment piling body in which the filaments spun by the high 
rate spinning are piled on the conveyor so that the fila- 
ments are aligned in the transverse direction perpendic- 
ular to the running direction of the conveyor. 
[0082] According to the nonwoven fabric made of the 
transversely aligned web produced by the high rate 
spinning of the present invention, a molecular orienta- 
tion is substantially not caused in the filaments compos- 
ing the nonwoven fabric. This fact is essentially different 
from that of multi-filaments of ordinary high rate spinning 
which are finally and directly subjected to molecular ori- 
entation at a degree sufficient to become a fiber. 
[0083] Accordingly, the transversely aligned web of 
the present invention has a satisfactory elongation at a 
room temperature. That is, the transversely aligned web 
has an elongation of 70% or more in the direction in 
which the filaments are aligned. The elongation is de- 
sirably 100% or more, and more desirably 150% or 
more. It is believed that the merit of the nonwoven fabric, 
i.e.. that the nonwoven fabric has a greater elongation 
in the direction in which the filaments are aligned, comes 
from the fact that the molecular orientation is not caused 
in the filaments, the filaments are rapidly cooled, and 
the filaments are well aligned, as described above. 
[0084] The high rate spinning according to the pro- 
ducing method and producing apparatus of the present 
invention are characterized in that the obtained web can 
be made wide in proportion to the increase in quantity 
of melted resin extruded from the spinning nozzle. The 
high rate spinning according to the producing method 
and producing apparatus of the present invention are 
also characterized in that the filaments extend continu- 
ously over the width direction of the web. Thus, the 
transversely aligned web produced by the producing 
method and producing apparatus of the present inven- 
tion comes to have a width of 300 mm or more, desirably 
350 mm or more, more desirably 400 mm or more. 
[0085] According to the producing method and pro- 
ducing apparatus of the present invention, it becomes 
possible to obtain filaments having a diameter of 1 0 u>m 
to 30 jim by extruding melted resin from spinning nozzle 
1 at a rate of 30 g/min. or more. Thus, filaments can be 
spun at a high rate, i.e.. a rate of 30000 m/min. or more, 
desirably 70000 m/min. or more, more desirably 1 00000 
m/min. or more. 

[0086] High rate spinning of multi-filament is limited in 
its filament spinning rate to 7000 m/min. on an industrial 
base and to 1 0000 m/min. on an experimental base. The 
producing method and producing apparatus of the 
present invention achieves five times the spinning rate 
as compared with the above introduced multi-filament 
spinning rate. Furthermore, as described above, the 
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high rate spinning of the present invention and the high 
rate spinning of the multi-filament are different from 
each other in the diameter of obtained filaments, the 
state of filament molecular orientation, the state of fila- 
ment alignment and so on. 

[0087] Further, as a method of spinning filaments at 
a high rate for producing nonwoven fabric, there can be 
named a spinning of melt-blow nonwoven fabric. How- 
ever, according to the melt-blow spinning method, the 
rate of extruding melted resin per one spinning nozzle 
is at most 1 g/min. Further, if the melt-blow spinning 
method is an ordinary arranged one, the rate of extrud- 
ing melted resin per one spinning nozzle will stay at a 
level of or become lower than one fiftieth of 30 g/min. 
that is the rate of extruding melted resin per one spinning 
nozzle of the present invention. However, according to 
the spinning of melt-blow system, the diameter of ob- 
tained filaments is thinned, or 3 nm, the rate of spinning 
is relatively high. But the rate of spinning is limited to 
about 20000 m/min. to 30000 m/min. 
[0088] As described above, the high rate spinning of 
the present invention and the high rate spinning of the 
melt-blow system are different from each other in the 
diameter of obtained filaments. That is, as described 
above, the diameter of filaments obtained by the high 
rate spinning of the melt-blow system is smaller than 
that of the high rate spinning of the present invention. 
Of course the spinning based on the melt-blow system 
can be arranged to produce filaments of a large diame- 
ter. In this case, however, the rate of spinning will be 
decreased. The filaments produced by the spinning 
based on the melt-blow system share a common nature 
with filaments produced by the high rate spinning of the 
present invention in that the filaments undergo almost 
no molecular orientation. However, the filaments pro- 
duced by the spinning based on the melt-blow system 
tend to suffer from damage during the process of spin- 
ning, with the result that the resulting nonwoven fabric 
produced by the spinning based on the melt-blow sys- 
tem has weak tensile strength and less elongation, 
which are inferior to the tensile strength and elongation 
of the transversely aligned web produced by the high 
rate spinning of the present invention. Furthermore, the 
filaments composing the melt-blow nonwoven fabric 
produced by the spinning based on the melt-blow sys- 
tem are cut at the length of several ten centimeters and 
not aligned in a single direction. Thus, the nonwoven 
fabric produced.by the spinning based on the melt-blow 
system is a random nonwoven fabric. 
[0089] A sound wave can transmit at a speed of 30000 
m/min. in the heated air at a temperature of 300°C. 
Which fact means that the spinning rate of the present 
invention is more than the speed of a sound wave 
traveling in a heated wave, or in some cases, several 
times the speed of a sound wave. Thus, it is to say that 
the method of spinning according to the present inven- 
tion is characterized by the above fact. 
[0090] According to the above described method of 



producing the transversely aligned web of the present 
- - invention, the filaments composing the transversely 
aligned web are stretched after they are spun. In this 
case, it is necessary for the filaments to be cooled rap- 

5 idly for the filaments to have a proper extendability. Ac- 
cording to the method of producing the transversely 
aligned web of the present invention, the melted resin 
is extruded at a considerably high rate, and hence the 
thermal capacity of the melted resin extruded from the 

10 spinning nozzle is relatively large, with the result that 
the cooling of the melted resin tends to be unsatisfacto- 
ry. If the filaments are not cooled rapidly, crystallization 
is caused in the filaments. If the filaments having crys- 
tallization caused therein are stretched, the molecular 

15 system of the filament cannot help damaging the crys- 
talline structure formed therein. Thus, if the transversely 
aligned web is formed of filaments which are not cooled 
rapidly upon the step of spinning, the transversely 
aligned web suffers from a large stretching stress and 

20 resulting stretch breaking of filaments at the stretch. 
Therefore, the transversely aligned web cannot be 
stretched at a high ratio. 

[0091] According to the present invention, the fila- 
ments are cooled by airflow containing a mist-like mois- 
ts ture before the spun filaments reach the conveyor, 
whereby the filaments are cooled rapidly. This manner 
of cooling is the most effective in order to make the fil- 
aments have a high extendability. 
[0092] According to the present invention, the trans- 
30 versely aligned web formed of the filaments spun at the 
high rate is stretched in the transverse direction of the 
web, whereby the web is made to be tough against a 
tensile force applied in the transverse direction. Accord- 
ing to the present invention, the web directly formed by 
35 aligning the filaments in the transverse direction does 
not have a sufficient width. Thus, the transversely 
aligned web is stretched in the transverse direction to 
make the web have a desired width. Thus, the trans- 
versely aligned web as a final product becomes more 
40 versatile. Moreover, if the transversely aligned web is 
stretched at a large magnification, the web is made to 
have a large width, correspondingly. Which makes the 
web more advantageous. 

[0093] The means for transversely stretching the 
45 transversely aligned web of the present invention may 
be arranged similarly to a tenter type transversely 
siretching apparatus(tenter frame) which is utilized in a 
two-axis stretching of a film. Alternatively, the means for 
transversely stretching the transversely aligned web of 
50 the present invention may be arranged similarly to a pul- 
ley type transversely stretching apparatus which is dis- 
closed in Japanese Patent Publication No. 36948/91. 
Alternatively, a transversely stretching apparatus may 
be arranged as a transversely stretching apparatus of a 
55 groove-roll system in which a pair of rolls having a 
groove provided thereon are combined and the web is 
stretched in the transverse direction between the rolls. 
An apparatus of a pulley type or an apparatus of a 
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groove roll type is easy to use because of its simplicity. 
[0094] The transversely aligned web of the present in- 
vention after being stretched may have a tensile 
strength in the stretching direction of the web of at least 
1 32.5 mN/tex (1.5 g/d) or more, desirably 1 58.9 mN/tex 5 
(1 .8 g/d) or more, more desirably 176.6 mN/tex (2.0 g/ 
d) or more. 

[0095] The transversely aligned web of the present in- 
vention can be utilized for reinforcing another web such 
as a sheet of nonwoven fabric, a sheet of paper, a film 10 
or the like in the transverse direction thereof. Further, 
the transversely aligned web of the present invention 
can be utilized as a transversely aligned web constitut- 
ing a cross laminated nonwoven fabric which is dis- 
closed in Japanese Patent Publication No. 36948/91 15 
filed by the present applicant. 

[0096] The material of the melted resin, or the poly- 
mer, which is utilized for spinning the filaments upon pro- 
ducing the transversely aligned web of the present in- 
vention, may be suitably composed of a thermoplastic 20 
resin, such as polyethylene, polypropylene, polyester, 
polyamide, polyvinyl chloride system resin, poly- 
urethane, fluoroplastic system resin, or derivatives of 
these materials. In addition, polyvinyl alcohol system 
resin, poly aery Ion it rile system resin or the like may be 25 
utilized with spinning means of a wet type and dry type. 
[0097] Of the above-listed polymers, polypropylene, 
polyethylene terephthalate, nylon 6, nylon 66 exhibit 
good spinning properties. Therefore, these materials 
are particularly suitable for the high rate spinning of the 30 
present invention. Further, among these polymers, pol- 
ymer of which viscosity stays in a range of from 100 
poise to 1000 poise is particularly suitable for the high 
rate spinning of the present invention. 

-35 

(Examples 1 to 4) 

[0098] FIG. 7 is a table in which are listed experimen- 
tal examples 1 to 4 and comparable examples 1 to 5 of 
transversely aligned webs and corresponding types of *o 
spinning heads, materials of melted resins extruded 
from the spinning head, and spinning conditions when 
the transversely aligned web is produced by the appa- 
ratus for producing the transversely aligned web having 
the above-described arrangement. FIG. 8 is a table in 45 
which are listed examples of spinning heads, corre- 
sponding dimensions of the spinning head, and corre- 
sponding experimental examples 1 to 4 and comparable 
examples 1 to 5 which the spinning head is utilized for 
producing. so 
[0099] As shown in FIG. 7, there are listed materials 
of melted resins, spinning conditions, and the result of 
experiments. As shown in FIG. 8. there are shown di- 
mensions of the spinning head and corresponding ex- 
perimental examples 1 to 4 and comparable examples 55 
1 to 5 which the spinning head is utilized for producing. 
That is. the numbers of notation ©to ©listed in column 
A in FIG. 7 indicate the type of spinning head of which 



dimensions are listed in FIG. 8. 
[0100] In column B in FIG. 7. there are listed polymers 
extruded from the spinning heads of corresponding ex- 
perimental examples and comparable examples, and a 
melt flow rate and a limiting viscosity number of the pol- 
ymer. In column B in FIG. 7, reference symbol PP rep- 
resents polypropylene, and MFR represents the melt 
flow rate of the resin. Further, reference symbol PET 
represents polyethylene terephthalate and IV value rep- 
resents the limited viscosity number of the resin. 
[0101] In column H in FIG. 7, there are listed diame- 
ters of fibers. The listed data are determined in such a 
manner that 100 filaments uniformly sampled in the 
transverse direction of the web are measured by means 
of a microscope set at 1000 times magnification ratio. 
Thereafter, the data obtained by the measurement are 
subjected to a numerical processing, i.e., an averaging, 
and then listed as shown in column H in FIG. 7. The 
attached numerical notation with % indicates a coeffi- 
cient of the fluctuation upon averaging. 
[0102] In column I in FIG. 7, there are listed spinning 
rates which are determined by calculating the following 
Equation 1 where Q is substituted with the rate of extru- 
sion of melted resin and D is substituted with the mean 
value of the above averaged fiber diameters. The di- 
mensions of Y (the spinning rate) is m/min. In the fol- 
lowing Equation 1 . the dimension of Q (the rate of ex- 
trusion of- melted resin) is g/min. while dimension of D 
(the diameter of the fiber of transversely aligned web) is 
lim. In this case, p [g/cm 3 ] (density) is 1.34 when the 
material of melted resin is RET and 0.90 when the ma- 
terial of the melted resin is PP. n represents the ratio of 
circumference of a circle to its diameter. 

[Equation 1] 

Y [m/min.) 

_ Q[g/min.] x 1Q 6 [um 2 /cm 2 ]) 

n x p[g/cm 3 ] x (D[u.m]/2) 2 x I0 2 [cm/m] 

[0103] In column J in FIG. 7, there are listed numerals 
indicating tensile strength and elongation before 
stretching. The' tensile strength and elongation are 
measured in the transverse direction under condition 
that the web is not stretched and placed at a tempera- 
ture of 20°C. When tensile strength and elongation are 
measured, a sheet of web having a longitudinal direction 
of 50 mm is chucked with a portion of the web in the 
transverse direction to be 50 mm, and the web is elon- 
gated in the transverse direction at a rate of 100 mm/ 
min. 

[0104] In column Kin FIG. 7, there are listed numerals 
indicating a stretching magnification ratio. The stretch- 
ing magnification ratio is ideally defined so that a piece 
of web having a length of 50 mm in the transverse di- 
rection and width of 50 mm is held by a chucking device 
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and this web is stretched in the transverse direction in 
hot water until the piece of web is broken, whereby the 
stretching magnification ratio just before the web is bro- 
ken is determined. In actual practice, the stretching 
magnification ratio just before the web is broken is de- 
termined in such a manner that the web is subjected to 
a preparatory stretching as an experimental process so 
that a stretching magnification ratio at which the web 
starts breaking is determined, and thus a value which is 
0.1 times (10%) less than the determined stretching 
magnification ratio is newly defined as the stretching 
magnification ratio. Then, the obtained stretching mag- 
nification ratio is utilized as a measuring sample of the 
"tensile strength and elongation after stretching" which 
is listed in column L of FIG. 7 and will be described later 
on. A stretching temperature, i.e., a temperature of hot 
water of a laboratory for measuring the tensile strength 
and elongation before stretching, is 98°C for PP and 
70°C ror PET. 

[0105] The tensile strength and elongation after 
stretching listed in column L of FIG. 7 are respectively 
tensile strength and elongation in the stretching direc- 
tion of the web having undergone the stretching proc- 
ess. When the tensile strength and elongation are 
measured, a sheet of web having a longitudinal direction 
of 50 mm is chucked so that the chucked portion dis- 
tance is 100 mm, and the web is elongated in the trans- 
verse direction at a rate of 100 mm/min. 
[0106] As shown in FIG. 8. there are listed variously 
determined numerals as dimensions of respective parts 
of the spinning head, such as the nozzle diameter N z of 
spinning nozzle 1 . the inner diameter d of primary airflow 
nozzle 2, the outer diameter D of the same nozzle, the 
projection height H of spinning nozzle part 5. the inner 
diameter q of small aperture 3. the diameter r of second- 
ary airflow nozzle 4a, and the smallest gap S of the an- 
nular aperture communicated with primary airflow noz- 
zle 2 within spinning head 10. These dimensions of re- 
spective parts of the spinning head are determined for 
each of experimental examples 1 to 4 and comparable 
examples 1 to 5. 

[0107] Each of the experimental examples 1 to 4 of 
FIG. 7 is a web formed of filaments spun at a spinning 
rate of 30000 m/min or more when the spinning head 
having an arrangement shown in FIGS. 1A, 1B and 3 
has proper dimensions for respective parts. In each of 
the cases, it was possible to produce a transversely 
aligned web having a width of 300 mm or more in which 
filaments extend continuously in the width direction of 
the web. Also in this case, the filaments composing the 
transversely aligned web have an average diameter of 
more than 10 urn and less than 30 ^m, and the elonga- 
tion of the transversely aligned web in the transverse 
direction is 70% or more. 

[0108] When the transversely aligned web is 
stretched in the transverse direction, there can be ob- 
tained a transversely aligned and transversely stretched 
web which is formed of filaments with a diameter of more 



than 5 urn and less than 15 urn and has a tensile 
strength in the stretching direction of 132.5 mN/tex (1 .5 
g/d) or more. 

[0109] . The stretching in the transverse direction ap- 

5 plied on the experimental examples and the comparable 
examples was a stretching in the transverse direction 
on a laboratory base. However, if the transversely 
aligned web is stretched by a transversely stretching ap- 
paratus of a heat-air system using pulleys shown in 

10 FIGS. 6A and 6B, then it became possible to stretch the 
web formed of PP as in the experimental example 1 in 
the transverse direction at a magnification ratio of 6.5 
times in a heated air environment at a temperature of 
120 C C. Also, it became possible to obtain the trans- 

15 versely stretched web having a tensile strength of 220.8 
mlMAex (2.5 g/d) and an elongation of 1 2% in the stretch- 
ing direction. As for the web of the experimental exam- 
ple 2 formed of PET, by using the transversely stretching 
apparatus shown in FIGS. 6A and 6B, it became possi- 

20 ble to obtain a web which could be stretched in the trans- 
verse direction at a magnification ratio of 5.8 times in a 
heated air environment at a temperature of 87°C. Also, 
the obtained web had a tensile strength of 1 67.8 mN/tex 
(1 .9 g/c) and an elongation of 10% in the stretching di- 

25 rection. 

[0110] As for the minimum gap S of the annular pas- 
sage for making the primary airflow uniform within spin- 
ning head 1 0, spinning at a high extrusion rate exhibited 
higher stability upon the minimum gap S of 0.5 mm rath- 

30 er than upon the minimum gap S of 1.0 mm. Although 
there is no comparable example available, when the 
minimum gap S is smaller than 0.1 mm, the spinning 
condition would be considerably influenced by the me- 
chanical precision of the annular passage, with the re- 

35 suit that the stability of spinning conversely became, 
poor. 

[0111] The comparable examples 1 to 5 of FIG. 7 are 
examples in which negative results were observed due 
to improper selection of some dimensions of spinning 

40 head 1 0. More concretely, the comparable example 1 is 
produced by the spinning head of No. 4 in which the noz- 
zle diameter N z is smaller than 0.60 mm. Comparable 
example 2 is produced by the spinning head of No. 5 in 
which tne nozzle diameter N 2 is larger than 0.90 mm. 

45 Comparable example 3 is produced by the spinning 
head of No. 6 in which the inner diameter d of primary 
airflow nozzle 2 is larger than 6 mm. And the comparable 
example 5 is produced by the spinning head of No. 8 in 
which the inner diameter r of the secondary airflow noz- 

50 zle is smaller than 1 .5 mm. The spinning heads of the 
above cases were unsuitable for high rate spinning due 
to instability of spinning at a high extrusion rate and 
weak tensile strength after stretching process. 
[01 12] Although not listed in the tables of FIGS. 7 and 

55 8 as a comparable example, if the inner diameter d of 
primary airflow nozzle 2 is smaller than 2.0 mm, also the 
spinning cannot be carried out with stability. 
[0113] All of the web obtained as the experimental ex- 
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amples 1 to 4 were produced in such a manner that the 
filaments were cooled by air containing mist-like mois- 
ture before the spun filaments reached the conveyor 
However, if the web was produced under the same con- 
ditions of the experimental example 1 or 2 except that 
the spun filaments were not cooled by air containing 
mist-like moisture, the obtained transversely aligned 
web failed to have a stretching magnification ratio of 5 
times or more even under measurement of stretching 
magnification ratio of a laboratory base, and further the 
tensile strength in the transverse direction could not 
reach 88.3 mN/tex (1 g/d). 

[0114] As shown in the column of note in FIG. 7, a 
grain-like resin ball can be caused within the web or the 
profile of web can become extremely unusual as will be 
described later on, depending on the various dimen- 
sions and spinning condition of the spinning head. The 
grain caused within the web extends from a small one 
such as of 0.2 to 0.3 mm (small grain) to a large one 
exceeding 1 .0 mm. (large grain). If the number of grains 
are large or the size of the grain is large, the stretching 
magnification stays within a low level and the tensile 
strength of the web after being stretched is weak. 
[0115] The resulting products do not have a uniform 
profile of filament distribution in the transverse direction 
of the web. That is, the web has a profile having slightly 
thick portion at both the sides in the transverse direction 
of the web. In this case, the term "profile" means a dis- 
tribution of mass in the transverse direction of the trans- 
versely aligned web. Such profile is measured in the fol- 
lowing manner. 

[01 16] Initially, a piece of web having a length of 1 00 
mm in longitudinal direction is sampled over the whole 
width of the transversely aligned web which is produced 
as a product. Then , the width of the sampled transverse- 
ly aligned web is measured. 

[01 17] Next, the sampled transversely aligned web of 
the length of 100 mm is cut at a width of 25 mm in a 
direction perpendicular to the aligned direction of fila- 
ments composing, the transversely aligned web, and 
each mass of the resultant cut pieces of the web is 
measured. 

[01 1 8] Then, the distribution of mass in the transverse 
direction of the transversely aligned web is plotted 
based on the data obtained by measuring each mass of 
the pieces of the web cut at a width of 25 mm. In this 
way, there can be obtained a profile of the transversely 
aligned web as a distribution of mass in the transverse 
direction of the transversely aligned web. 
[01 1 9] FIGS. 9A, 9B and 9C are diagrams each show- 
ing a representative example of profile as a distribution 
of mass in the transverse direction of the transversely 
aligned web. FIG. 9A shows a flat type profile, FIG. 9B 
shows a dumbbell-type profile, and FIG. 9C shows a hill- 
type profile. The axis of abscissa represents measuring 
points taken at an interval of 25 mm while the axis of 
ordinate represents mass (g). 

[0120] The flat type profile shown in FIG. 9A repre- 



sents a substantially uniform mass distribution in the 
transverse direction of the transversely aligned web. 
The dumbbell-type profile shown in FIG. 9B represents 
that the transversely aligned web becomes thick at both 

5 the edge portions in the transverse direction as com- 
pared with the thickness at the center portion thereof, 
and thus the web weighs more at the edges than at the 
center portion thereof. The hill-type profile shown in FIG. 
9C shows that the transversely aligned web becomes 

10 thick at the center portion thereof as compared with the 
thickness at both the edge portions in the transverse di- 
rection . and thus the web weighs more at the center por- 
tion than at the edges thereof. 

[0121] As in the spinning nozzle of No. 7 for producing 
15 the comparable example 4, if the projecting height H of 
spinning nozzle part 5 is zero or below, that is, the lower 
end of spinning nozzle part 5 is recessed with respect 
to the horizontal surface of airflow blowoff unit 6, then 
spinning can be carried out at a high rate and resulting 
20 web has a high tensile strength after stretching process. 
However, in this case, as was noted in the column of 
note of FIG. 7, the web comes to have a profile of the 
excessive dumbbell shape as shown in FIG. 9B, with 
the result that the product after undergoing the stretch- 
es ing process in the transverse direction is deteriorated. 
On the other hand, if the projecting height H is a large 
value, e.g., 0.5, as in the spinning nozzle of No. 6 for 
producing the comparable example 3, the web comes 
to have a hill-like profile as shown in FIG. 9C. as was 
30 noted in the column of note of FIG. 7. 

[0122] While preferred embodiments of the present 
invention have been described using specific terms, 
such descriptions are for illustrative purposes only, and 
it is to be understood that changes and variations may 
35 be made without departing from the spirit or scope of 
the following claims. 



Claims 

40 

1. A transversely aligned web having filaments 
aligned in a transverse direction, wherein 

the filaments are spun at a rate of 30000 m/ 
min. or more, the filaments extend continuously 
45 from one edge to the other edge in the width direc- 
tion of the transversely aligned web, and the width 
thereof is 300 mm or more. 

2. The transversely aligned web according to claim 1 , 
50 wherein the filament has an average diameter of 10 

urn to 30 jim, and an elongation of the transversely 
aligned web in the transverse direction is 70% or 
more. 

55 3. The transversely aligned web according to claim 1 , 
wherein the transversely aligned web is a web 
stretched in the transverse direction, the filament 
composing the stretched transversely aligned web 
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has an average diameter of 5 urn to 1 5 urn. and the 
tensile strength of the stretched transversely 
aligned web in the stretching direction is 1 32.5 mN/ 
tex or more. 

5 

4. The transversely aligned web according to claim 1 , 
wherein the filament is made of any one of polyeth- 
ylene, polypropylene, polyester, polyamide. polyvi- 
nyl chloride resin, polyurethane. fluoroplastic resin, 

or derivatives of these resin. w 

5. A method of producing a transversely aligned web 
comprising the steps of: 

extruding melted resin from a spinning nozzle *5 
having an inner diameter of 0.6 mm or more at 
the opening end thereof which is provided 
above a conveyor running in one direction so 
that the melted resin is directed downwardly at 
an extruding rate of 30 g/min. or more; 20 
blowing off a primary airflow at a high temper- 
ature and at high velocity from a annular prima- 
ry airflow nozzle having a diameter of 2.5 mm 
or more which concentrically surrounds the 
opening end of the spinning nozzle, in the grav- 25 
itational direction toward the conveyor so that 
a melted filament extruded from the spinning 
nozzle is vibrated by the primary airflow; 
blowing off a pair of secondary airflows at a high 
temperature from a pair of secondary airflow 30 
nozzles respectively toward the melted filament 
extruded from the spinning nozzle with vibra- 
tion owing to the primary airflow, the pair of sec- 
ondary airflow nozzles being located on the up- 
stream side and downstream side of the con- 35 
veyor with respect to the extruded melted fila- 
ment, respectively, colliding with the pair of air- 
flow blown off from the pair of secondary airflow 
nozzles each other below the spinning nozzle, 
spreading the colliding secondary airflow at 40 
least partly in the width direction of the convey- 
or so that the extruded melted filament with vi- 
bration is spread in the width direction of the 
conveyor, thus spinning filaments deriving from 
the extruded melted filament with vibration at a 45 
rate of 30000 m/min. or more; and 
piling on the conveyor the spun filaments 
spread in the width direction of the conveyor so 
that transversely aligned web is formed of the 
filaments which are aligned in the width direc- so 
tion of the conveyor. 

The method of producing a transversely aligned 
web according to claim 5, further comprising a step 
of cooling the melted filament extruded from the 55 
spinning nozzle by an airflow containing mist-like 
moisture, after the melted filament extruded from 
the spinning nozzle is spread in the width direction 



of the conveyor by the secondary airflow, and be- 
fore the melted filament extruded from the spinning 
nozzle reaches the conveyor. 

7. The method of producing a transversely aligned 
web according to claim 5. further comprising a step 
of blowing off a heated airflow from a plurality of 
blowoff nozzles which are provided on the outside 
of the annular nozzle blowing off the primary airflow 
and which are different from the secondary airflow 
blowoff nozzles, so that the filaments deriving from 
solidifying the melted filaments extruded from the 
spinning nozzle are spun with stability. 

8. The method of producing a transversely aligned 
web according to claim 7, wherein the plurality of 
blowoff nozzles different from the secondary airflow 
blowoff nozzles are provided on the upstream side 
and downstream side of the conveyor running di- 
rection with respect to the spinning nozzle so that 
the plurality of blowoff nozzles are aligned on one 
straight line in parallel with the running direction of 
the conveyor, and heated airflow is blown off from 
each of the plurality of blowoff nozzles. 

9. The method of producing a transversely aligned 
web according to claim 7, wherein the plurality of 
blowoff nozzles different from the secondary airflow 
blowoff nozzles are disposed at a regular interval 
on a circle which concentrically surrounds the open 
end of the spinning nozzle, and heated airflow is 
blown off from each of the plurality of blowoff noz- 
zles. 

10. The method of producing a transversely aligned 
web according to claim 5, wherein the filament is 
made of any one of polyethylene, polypropylene, 
polyester, polyamide. polyvinyl chloride resin, poly- 
urethane, fluoroplastic resin, or derivatives of these 
resin. 

11. An apparatus for producing a transversely aligned 
web having filaments aligned in the transverse di- 
rection, comprising: 

a conveyor running in one direction; 

a spinning nozzle disposed above the conveyor 

and having an inner diameter of a range from 

0.6 mm to 0.85 mm for extruding a melted resin 

downwardly; 

a annular primary airflow nozzle having a diam- 
eter of 2.5 mm or more formed around the spin- 
ning nozzle so as to be concentric with the 
opening end of the spinning nozzle for blowing 
off a primary airflow at a high temperature and 
at a high velocity in the gravitational direction 
so that a melted filament extruded from the 
opening end of the spinning nozzle is vibrated; 
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and 

at least one pair of secondary airflow nozzles 
disposed on the upstream side and the down- 
stream side of the running direction of the con- 
veyor with respect to the extruded melted fila- s 
ment vibrated by the primary airflow, blowing 
off secondary airflow at a high temperature to- 
ward the extruded melted filament vibrated by 
the primary airflow so that the secondary air- 
flows blown off from the secondary airflow noz- 10 
zles on the upstream side and the downstream 
side of the running direction of the conveyor 
with respect to the extruded melted filament, re- 
spectively, collide with each other below the 
spinning nozzle. 15 

12. The apparatus for producing a transversely aligned 
web according to claim 11, wherein the spinning 
nozzle is formed into a cylindrical spinning nozzle 
part, the annular primary airflow nozzle is formed 20 
around the spinning nozzle part, the spinning noz- 
zle part and the annular primary airflow nozzle con- 
stitute a spinning head, and the spinning head is 
disposed above the conveyor, and 

the spinning nozzle part is projected at the 25 
lower surface thereof relative to the surrounding 
portion of the annular primary airflow nozzle of the 
spinning head by 0.01 mm to 1 .00 mm. 



blowoff nozzles are disposed at a regular interval 
on a circle which concentrically surrounds the open 
end of the spinning nozzle. 

17. The apparatus for producing a transversely aligned 
web according to claim 11 , wherein the spinning 
nozzle is formed into a cylindrical spinning nozzle 
part, the annular primary airflow nozzle is formed 
around the spinning nozzle part, the spinning noz- 
zle part and the annular primary airflow nozzle con- 
stitute a spinning head, and the spinning head is 
disposed above the conveyor, and 

the spinning head has provided therein a noz- 
zle passage which communicates with the annular 
primary airflow nozzle and has a gap of which di- 
mension at least partly ranges from 0.1 mm to 0.5 
mm, whereby the primary airflow blown off from the 
annular primary airflow nozzle becomes a uniform 
velocity and temperature. 



13. The apparatus for producing a transversely aligned 30 
web according to claim 11, wherein a diameter of 

the opening end of the secondary airflow nozzle is 
1.5 mm or more. 

14. The apparatus for producing a transversely aligned 35 
web according to claim 1 1 , further comprising a plu- 
rality of blowoff nozzles provided on the outside of 

the annular nozzle blowing off the primary airflow 
and different from the secondary airflow blowoff 
nozzles, whereby a heated airflow is blown off from 40 
the plurality of blowoff nozzles so that the filaments 
deriving from solidifying the melted filaments ex- 
truded from the spinning nozzle are spun with sta- 
bility. 

45 

1 5. The apparatus for producing a transversely aligned 
web according to claim 14, wherein the plurality of 
blowoff nozzles different from the secondary airflow 
blowoff nozzles are provided on the upstream side 
and downstream side of the conveyor running di- so 
rection with respect to the spinning nozzle so that 

the plurality of blowoff nozzles are aligned on one 
straight line in parallel with the running direction of 
the conveyor. 

55 

16. The apparatus for producing a transversely aligned 
web according to claim 14, wherein the plurality of 
blowoff nozzles different from the secondary airflow 
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FIG.2A 
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FIG. 3 
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FIG.4A 




8b 4b 1 5 2 7 \ 4a 

FIG.4C , 2 io 




22 



EP 1 088 916 A1 



FIG. 5 
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FIG.6A 
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FIG.9A 
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